Rationale: Primary cardiac tumors are very rare, and angiosarcoma accounts for about 33% of all primary malignant cardiac tumors. Primary cardiac epithelioid angiosarcoma is a highly aggressive and difficult to diagnose tumor, with early systemic metastasis and poor prognosis.
Introduction
Primary cardiac tumors are very rare, and detected in 0.002% to 0.33% of autopsy series. [1] Approximately 20% to 30% of all primary cardiac neoplasms are malignant, of which angiosarcoma is the most common. Primary cardiac angiosarcoma accounts for about 33% of all primary malignant cardiac tumors. [1, 2] Angiosarcoma is typically localized in the right atrium, in about 74% of the patients. [3] It is a highly aggressive tumor with early systemic metastasis and poor prognosis. Diagnosis of this disease is difficult, and is often delayed due to lack of specific symptoms. Definitive diagnosis is based on the histopathological examination. [4] The therapy for cardiac epithelioid angiosarcoma remains controversial, with no standard treatment regimens.
In this study, we presented a rare case of right atrial mass and multiple pulmonary lesions, which was suspected to be malignant cardiac tumor with multiple lung metastasis. This case study highlights the difficulties in diagnosing and treating cardiac tumors.
Case report
A 35-year-old Han male experienced sudden severe palpitation and moderate dyspnea since November 2014. The symptoms lasted for approximately 1 to 5 minutes and were relieved by rest. The patient smoked for >10 years, but had no history of drinking, circulatory or respiratory diseases. In December 2014, Editor: N/A. This study was supported by a grant from the National Natural Science Foundation of China (No. 81602189). The Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology gave an approval for this study. The patient was dead, his family had agreed for publication of the case, and his wife had provided informed consent.
the patient visited hospital nearby, a transthoracic echocardiogram (TTE) was performed, which showed severe pericardial effusion. After drainage, the patient's pericardial effusion was controlled, palpitation and dyspnea improved, but severe cough and occasional hemoptysis occurred. For evaluation of the disease, whole body F-18 fluoro-deoxyglucose positron emission tomography (18F-FDG PET)/computed tomography (CT) was performed, which confirmed a large mass (6 cm Â 6.7 cm Â 6.3 cm) in the right atrium (RA) with intense FDG uptake (SUVmax: 22) and numerous pulmonary nodules in both lungs with FDG avid (SUVmax:7.2). The enlarged mediastinal and bilateral hilar nodes also had elevated FDG activity (SUVmax:4.5) (Fig. 1) . For further diagnosis and treatment, the patient visited our Wuhan Union Hospital one week later, and cardiac magnetic resonance imaging (MRI) showed a heterogeneously enhanced hypodense mass in the inner wall of RA, which was suspected to be malignant cardiac tumor (Fig. 2) . To confirm the diagnosis, we performed a chest CT scan (Fig. 3) , and CT-guided percutaneous transthoracic fine needle aspiration biopsy of the pulmonary nodule. The pulmonary nodule was confirmed to be an epithelioid angiosarcoma probably originating from the heart (Fig. 4) . The immunohistochemistry results were as follows: VIM(+), TTF-1 (À), NapsinA(À), CK7(À), Ki67(LI:60%), PCK(À), Syn(À), cgA (À), CD56(À), LCA(À), CK8/18(À), Hepatocyte(À), Gly-3(À), CD34(+), CD31(+), SMA(À), ERG(+), Des(À), MyoD1(À), MyoGenin(À), and Calretinin(À).
The final diagnosis of this patient was right atrial epithelioid angiosarcoma with multiple pulmonary metastasis (stage IV), based on the imaging and biopsy results. The patient had no family history of this disease. Three days later, the patient started chemotherapy with docetaxel (75 mg/m 2 ) and gemcitabine (900 mg/m 2 ). After a cycle of this chemotherapy, the patient had grade 3 leucopenia, grade 2 thrombocytopenia, and slight nausea, the adverse reactions gradually decreased after corresponding supportive care. Three weeks after the first cycle of chemotherapy, the patient had severe cough, hemoptysis, aggravated dyspnea, and palpitation. Chest CT scan was repeated ( Fig. 3 ) to evaluate the effectiveness of chemotherapy. The disease had progressed indicating that the chemotherapy had failed. Some pulmonary nodules were enlarged and the bilateral pleural effusion had increased. Then, we used epirubicin (30 mg/m 2 , d1-3) and ifosfamide (1500 mg/m 2 , d1-4) in the second cycle of chemotherapy. The patient had grade 4 leucopenia, grade 2 thrombocytopenia, severe anemia, and nausea after therapy, and this cycle of chemotherapy was also ineffective. The bilateral pleural effusion rapidly increased, the patient had severe dyspnea and palpitation, and died 3 weeks after the second cycle of chemotherapy, with an overall survival of 2.5 months.
Discussion
Primary cardiac tumors are very rare, and fewer than one-third are malignant. The malignant tumors include angiosarcoma, lymphoma, fibrosarcoma, myosarcoma, and myxosarcoma, of which angiosarcoma is the most common with an extremely rare incidence of 0.0001%. [5] It typically occurs in middle-aged men, in the right atrium and pericardium. [6] Our patient was a 35-yearold male with a tumor in the right atrium.
The diagnosis of cardiac angiosarcoma is difficult because the symptoms associated with the disease are not specific. Common symptoms include palpitation, heart failure, chest pain, dyspnea, hemoptysis and congestive heart failure, or acute right heart failure secondary to pericardial tamponade. [7] Occasionally, an abrupt event may occur as the first clinical sign. Systemic symptoms occur in few cases and include night sweats, fever and weight loss. [8] Our patient presented with sudden severe palpitation and moderate dyspnea. Since the symptoms were nonspecific, he was initially misdiagnosed as coronary heart disease. Our patient had no systemic symptoms, which was in accordance with previous reports.
Due to the location of the tumor and nonspecific symptoms, diagnosis is often delayed with an average time interval from presentation to the correct diagnosis of 3 years, [9] and >50% of these tumors have systemic metastases at the time of diagnosis. Most common metastasis sites include lung, liver, brain and bone, although metastasis to lymph nodes, pancreas, spleen, skin, mandible, adrenal glands and kidneys have also been reported. [9] [10] [11] Angiosarcoma has extensive infiltration and high degree of malignancy, and infiltration or direct extension into 
Medicine myocardium and pericardium is common. Our patient also had pericardial effusion and multiple pulmonary metastasis at the time of diagnosis, which were the most frequent sites of metastasis. Given the specific properties of cardiac angiosarcoma, imaging examinations are critical in diagnosing this disease. Echocardiography is usually the first imaging modality for the diagnosis. The sensitivity and specificity of transthoracic and transesophageal for detection of cardiac masses are 93% and 97%, respectively. [12] Cardiac MRI has high specificity to identify pseudotumors, thrombi and lipomas, but cannot differentiate residual disease. [9, 13] Whole body PET/CT also provides metabolic information of tumors and is particularly helpful to delineate the extent of tumor infiltration and assess the metastasis. [14] In some cases, the typical location of mass with infiltration is suggestive of angiosarcoma. [6, 9] Cardiac MRI and PET/CT were performed in our patient, which showed a heterogeneously enhanced hypodense mass in the inner wall of right atrium with high grade FDG uptake and numerous pulmonary nodules with serious FDG avid, suggestive of malignant cardiac tumor with pulmonary metastasis.
Although imaging examinations are important, the definitive diagnosis of cardiac angiosarcoma is based on histopathology. [15] Previously, the diagnosis of cardiac angiosarcoma was made by surgery or postmortem. [15] In addition, hemorrhagic pericardial fluid and cytologic examination of fluid were helpful for diagnosis. [16] However, histopathology based on tissue specimens is critical for clarifying the nature of a cardiac mass. In preceding decades, various methods were used to obtain tissue specimens in addition to thoracotomy. Transthoracic echocardiography or CT-guided biopsy and transesophageal echocardiography-guided transvenous endomyocardial biopsy of cardiac mass are less invasive as compared to thoracotomy, and are frequently used for diagnosis. However, transthoracic biopsy of a right atrial mass has a potential risk of cardiac rupture because the right atrial wall is thin. [8] Hence, patients may refuse the biopsy at the original site. In some rare cases, biopsy of metastatic nodules outside the heart was also performed for pathological evidence. Qiu and Zhang [17] diagnosed a case of primary cardiac angiosarcoma by multimodality imaging-guided liver biopsy. In our case, after careful consideration of the advantages and disadvantages of all available techniques, and the patient's refusal of biopsy or surgical treatment of the right atrial mass, we performed a biopsy of pulmonary nodule through CT-guided percutaneous transthoracic fine needle aspiration, which supported the diagnosis of primary cardiac epithelioid angiosarcoma with pulmonary metastasis. To the best of our knowledge, this is the first report on primary cardiac epithelioid angiosarcoma confirmed by pulmonary biopsy through CT-guided percutaneous transthoracic fine needle aspiration.
Cardiac angiosarcoma has a dismal prognosis because of highly aggressive malignancy with local invasion and a high incidence of systemic metastasis with a median survival ranging from 6 to 11 months. [18] Treatment of cardiac angiosarcoma is controversial due to the poor prognosis. [19] Surgical resection remains the firstline treatment of choice when no evidence of metastases exists and myocardial resection is reparative. [20] If the tumor is resectable, adjuvant therapies, including chemotherapy, radiotherapy and targeted therapy, can improve the chances of survival because of the high probability of metastasis. [21] [22] [23] [24] Among the surgical therapeutic methods, heart transplantation has also been suggested, although many moral and social dilemmas exist. [25] The survival after surgery ranges from 2 to 55 months, with a median survival of 14 months. [18] In patients with incomplete surgical resection, chemotherapy and radiotherapy can also be selected. High doses of radiation could improve control of local tumor, but increases severe adverse events. [26] However, most patients have systemic metastasis at diagnosis, for which multi-modality treatment is favored. Thus, various combinations of surgery, chemotherapy, radiotherapy, and/or transplantation have been utilized, with varying results. The patients with systemic metastasis have a mean survival of 3.8 ± 2.5 months without surgical resection. [27] In our patient, the tumor involved the right atrium along with multiple pulmonary metastasis and pericardium infusion, so surgical resection was inappropriate, and hence we selected chemotherapy.
Chemotherapy for cardiac angiosarcoma is controversial, and there is no randomized trial of metastatic sarcomas with or without chemotherapy. For the majority of sarcomas, the most eligible agents are doxorubicin and ifosfamide cyclophosphamide, taxanes, vincristine, dactinomycin, etc. [25] Combination therapy with doxorubicin and ifosfamide was effective for the treatment of metastatic soft-tissue sarcoma, including angiosarcoma, regardless of origin. [28, 29] Recent studies showed that docetaxel has similar efficacy for metastatic angiosarcomas. [26, 30, 31] Gemcitabine was also effective for treating advanced angiosarcoma. [29, 32] Moreover, the successful administration of molecular targeted therapy in some tumors indicated that it may have possible therapeutic benefit in angiosarcoma as well. [33] The efficacy of antiangiogenic drugs, such as sorafenib, bevacizumab, and imatinib, have been demonstrated in some phase II trials for the treatment of advanced or metastatic angiosarcoma. Sorafenib had a better progression-free survival with 3.8 months, and the overall survival was 14.9 months, but the response rate was lower than standard cytotoxic agents. [34] Bevacizumab was also effective for sarcoma with 57% response rate, [33] but imatinib was ineffective. [35] Since our patient had hemoptysis, and given the adverse effects of anti-angiogenic drugs, we used chemotherapy without anti-angiogenic drugs. However, the first cycle of chemotherapy with docetaxel and gemcitabine, and the second cycle of chemotherapy with epirubicin and ifosfamide were both ineffective. After 2 cycles of chemotherapy, the bilateral pleural effusion rapidly increased, the patient had severe dyspnea and palpitation, and died 3 weeks later, with an overall survival of 2.5 months.
Conclusion
Primary angiosarcoma of the heart is a very rare and aggressive disease, and its diagnosis and treatment are difficult. Most patients may have systemic metastasis at diagnosis, and have a very short survival without surgical resection. This is the first report on diagnosis of primary cardiac epithelioid angiosarcoma by pulmonary biopsy through CT-guided percutaneous transthoracic fine needle aspiration, but the prognosis of our patient was very poor. Hence, we need to improve the methods of diagnosis and therapy of this disease. 
